Fluxes play an important role in deciding weld metal properties. The properties of the welds in HAZ area are severely affected. In this study attempt has been made to evaluate the effect of flux composition on the width of the HAZ. The study reveals that FeMn and NiO both are having significant effect on HAZ width. The combined effect of CaF 2 , FeMn and CaF 2 , NiO is also significant. This study may help in selection of flux for minimum HAZ width in weldments.
Introduction
In submerged arc welding, arc is produced between a electrode and the workpiece. Since the arc is submerged under a heavy coating of granular flux, hence it is called submerged arc welding. The welding process may be manual or automatic. This welding process gives high quality joint as double protection is obtained from atmospheric gases 1) . SAW is an automatic process. This welding process is used for carbon steels as well as nickel based alloys, stainless steels and other non-ferrous metals. Fluxes are the chemical substances that are used as a cleaning agent in welding. The SAW fluxes contain lime, silica, manganese oxide, calcium fluoride and other compounds. In SAW the weld pool is protected from the atmospheric contamination by being submerged under a blanket of granular fusible flux. In the molten state, the flux becomes conductive and provides a current path between the electrode and work piece. Fluxes can be categorized depending upon the method of manufacture, the extent to which they can affect the alloy content of the weld deposit and the effect on weld deposit properties 2) . Agglomerated fluxes: These are also known as bonded fluxes. In agglomerated fluxes, the raw materials are powdered, dry mixed and bonded with either potassium silicate or sodium silicate. After bonding, the wet mixture is pelletized and baked at a temperature lower than that for fused fluxes. After this, the pellets are broken up, screened to size and packaging is done. These fluxes have lower bulk density and hence less flux is melted for a given amount of weld deposition. The main advantage of using agglomerated flux is that deoxidizers and other alloying elements can be added during the dry mixing but its main limitation is the absorption of moisture by the flux 3) .
Heat Affected Zone
Heat affected Zone may be defined as the area of base metal which is not melted but its properties are affected by the heat of welding. The properties of the HAZ are changed due to change in the microstructure. The microstructure is changed due to heating and subsequent cooling. The extent and magnitude of property change depends on the base metal, welding process, flux composition and heat input by the welding process 4) . The change in HAZ takes place in two stages. In first stage, the microstructural changes like grain growth takes place and in the second stage precipitation hardening and embrittlement of the metal takes place 5) . The literature review shows that many researchers have studied the effect of welding process parameters on HAZ microstructure and dimensions 6, 7) . The main aim of the studies was to have a minimum HAZ area by selecting optimum welding parameters. By selecting the flux for minimum HAZ from such studies, mechanical properties of the weldments can be improved. (Adler et. al., 1975) , (Fisher, 1952) .Lee et al. (2000) 8-10) discussed the effect of welding parameters on the size of the HAZ and concluded that in HAZ, the grains are of large size .So, the toughness is reduced in HAZ area. While in a narrow HAZ, the temperature gradients are high but due to finer grain size, the toughness is improved. Gunaraj and Murugan (2002) 7) studied the effect of welding process parameters and heat input on HAZ area and other metallurgical characteristics. The study concludes thatfor reducing HAZ proper selection of welding process parameters is required. The study reveals that HAZ is increased with increasing heat input and wire feed rate while it is reduced with increasing welding speed. Mathematical models were developed to study the effect of process variables and heat input on HAZ width, grain refinement and other metallurgical aspects Heat affected zone affects the mechanical properties of the weld material as the HAZ microstructure has a strong influence on the weld joint properties. The ultimate tensile strength, h toughness and hydrogen cracking are the main problems which are associated with HAZ. The flux composition also has a definite effect on HAZ width, depth, area of penetration, area of reinforcement and weld dilution in mild steels, so the study and control of HAZ is very much essential. HAZ also increases the probability of fatigue failure at the weakest zone caused by heating and cooling of the weld zone.
Experimental Procedure
The fluxes were prepared by agglomeration technique. The base constituents CaO, SiO 2 , and Al 2 O 3 were mixed in the ratio 7:10:2 based on ternary and binary phase diagrams. The additives CaF 2 , FeMn and NiO were selected as control parameters. These additives were added to the base constituents and their effects on elements transferred to the welds were investigated. To investigate the effects systematically, twenty fluxes were designed using response surface methodology. The concentrations of the additives were varied in the range 2-8%. The control parameters (additives) and their levels are shown in the coded form in the table 1. The three levels of the aforesaid additives are shown in table 2.The composition of wire and base plate are given in Table 3 . The welding parameters were made constant for all the welds. These parameters are given in Table 4 . All the components, base constituents and additives were mixed in a container and Potassium silicate was used as a binder for making these fluxes. After preparation the fluxes were heated in a furnace up to 400℃ for more than six hours to remove any traces of moisture. Before making weld the fluxes were again heated up to 100℃. CaCO 3 was used in place of CaO because of its hygroscopic nature. The transfer of manganese was calculated by a ∆ Delta quantity = Analyzed composition -Expected composition. The Table 5 shows that ∆Mn is negative for most of the welds and it can be taken as an indicator of weld oxygen content. The expected composition was calculated from the below given relation as given in equation 1:
Bead on plate welds using submerged arc welding were made on 18 mm thick plates. The composition of base plate and wire is given in table 3. Welding parameters such as voltage, current and travel speed were made constant table 4. Four beads were laid one over the other in order to minimize the effect of dilution. In this study 10% dilution from the base plate has been considered. After making beads, the powder was extracted from the top bead with the help of a drill machine for chemical analysis. The measure responses are given in Table 5 and the polished samples of bead and HAZ width are shown in Fig. 1(a) and (b) .
Result and Discussion
As the flux composition has a definite effect on penetration, element transfer, bead geometry, physical properties of flux and chemical characteristics affect the HAZ in the weld. So an attempt has been made to study the effect of flux composition on width of the HAZ. The predictive equations of HAZ width have been developed in terms of flux composition. The experimental results for HAZ width are given in Table 5 and ANOVA results for HAZ width are given in Table 6 .
Development of model for width of HAZ
The second order quadratic model developed for width of the HAZ, using surface methodology based on ex- 
ANOVA Results for width of HAZ
The ANOVA results for HAZ width are given in Table  6 . The model F-Value of 70.05 implies that the model is significant. There is only a 0.01% chance that a "model F-value" this large could occur due to noise. It can be seen from the Table 6 The multi regression coefficient of the model is 0.9812. This means 98.12% of the variance in HAZ width can be explained by the independent variables. The Figs. 2 and 3 depict the normal plot of residuals and predicted vs actual value plot for the response. It is observed from Fig. 2 that the residuals fall on a straight line and the Fig. 3 illustrates that the difference between the predicted and actual value of the response is insignificant. The lack of fit is insignificant relative to the pure error. The "pred. R-Squared" of 0.9203 and "Adj. R-squared" of 0.9667 are in close agreement. This implies that the proposed model is adequate and it can be 
Effect of FeMn additive on width of HAZ
The effect of FeMn content on the width of HAZ is depicted in the Fig. 4 . This shows that after an initial decrease, the width of HAZ increases. It can be attributed to the change of oxygen content in the weld, which consequently affects the surface tension of the liquid flux and the bead geometry. A small amount weld oxygen act as a surface active agent which changes the direction of surface tension gradient from negative to positive, thus reversing Marangoni convection and the flow of liquid takes place in downward making deeper penetration 11) . So the heat may be confined to a small area. If the oxygen may be large the liquid flow will take place in the out ward direction causing to spread the heat over a large area. Weld Mn content does not show any significant effect on width of heat affected zone as shown in Fig. 5 . The variation of HAZ width with the weld oxygen content has been given in Fig. 6 . This shows that HAZ width is small when the oxygen content is either very low or very high.
Effect of NiO additive on HAZ width
The effect of NiO additive on HAZ width is given in the 
Validation of the model
The validation of the model was done by selecting two fluxes within the given range .The results are tabulated in Table 7 given below and the error lies within the permissible limit. It shows that the model can be used for predicting the values of HAZ width for the given flux composition.
Conclusions
1) FeMn and NiO both additives as individuals are having synergistic effect on HAZ width but as a mixture, these are having anti synergistic effect on HAZ width.
2) After decreasing to a minimum, the HAZ width increases with increasing FeMn additive.
3) The HAZ width is reduced with increasing NiO content in the flux but weld Mn content does not show any effect of HAZ width. However, it is reduced with increasing Ni addition.
4) The width of the HAZ has a reducing trend with increasing Ni content.
5) Quadratic modelling can be used to predict the effect of flux on HAZ width. 
